The free-living soil bacteria that are beneficial for the growth of plants are known as 25 plant growth-promoting rhizobacteria (PGPR). In this work, a multi-species of PGPR 26 bacteria inoculant was designed, which included nitrogen-fixing strains such as 27 Rhizobium phaseoli, Sinorhizobium americanum and Azospirillum brasilense, as well as 28 other plant growth promoting bacteria such as Bacillus subtillis and Methylobacterium 29 extorquens. The multi-species community exerted a beneficial effect on plant seedlings 30 when it was inoculated, greater than the effect observed when inoculating each bacteria 31 individually. Acetylene reduction of maize roots was recorded with the multi-species 32 inoculant, which suggests that nitrogen fixation occurred under these conditions. To 33 analyze the contributions of the different nitrogen-fixing bacteria that were inoculated, a 34 metatranscriptomic analysis was performed. The differential expression analysis 35 revealed that the predominantly nif transcripts of Azospirillum are overexpressed, 36 suggesting that it was responsible for nitrogen fixation in maize. Overall, we analyzed 37 the interaction of a synthetic community, suggesting it as an option, for future 38 formulations of biofertilizers.
Germination, inoculation and growth of seedlings
Black Criollo maize seeds were surface disinfected with 70% ethanol (1 min), 30% 148 sodium hypochlorite (20 min), 2% thiosulfate (2 min) and rinsed thoroughly with sterile 149 water. Disinfected seeds were germinated in agar-water plates in the dark for 24 h at 150 30°C, and subsequently transplanted into flasks with sterile vermiculite. Plants were 151 irrigated with nitrogen free Fahraeus solution (0.132 g/L CaCl 2 , 0.12 g/L MgSO 4 .7H 2 O, 152 0.1 g/L KH 2 PO 4 , 0.075 g/L Na 2 HPO 4 .2H 2 O, 5 mg/L Fe-citrate, and 0.07 mg/L each of 153 MnCl 2 .4H 2 O, CuSO 4 .5H 2 O, ZnCl 2 , H 3 BO 3 , and Na2MoO4.2H2O, adjusted to pH 7.5 154 before autoclaving (36), and inoculated with 10 8 cfu ml -1 of each bacteria; single 155 inoculants and plants without inoculants were used as controls. Plants were maintained 156 for 30 days at 28 °C with a 12 h dark/light period. At 30 days after inoculation, growth 157 of the aerial part, fresh and dry weight and chlorophyll content were measured. 158 For RNA extraction, in vitro plant cultures were carried out under hydroponic and 159 axenic conditions. Seedlings from disinfected seeds were transferred to glass tubes (one 160 seedling in each tube) containing 10 mL of Fahraeus medium. Plants were inoculated 161 with 10 8 bacteria, and single inoculants and plants without inoculants were used as 162 controls. Plants were maintained for 5 days at 28°C with a 12 h dark light/period. The 163 data obtained from each of the treatments were analyzed with an analysis of variance 164 (ANOVA) and the comparison test of means Tukey (p = 0.05) ( Fig. 1 ).
165

RNA extraction, RNA-seq library construction and sequencing 166
Root-attached bacteria were recovered from hydroponic cultures 5 days after 167 inoculation by sonicating roots for 15 min from 50 seedlings in 5 mL of RNAlater 168 stabilization solution (Ambion), followed by centrifugation (6000 rpm; 15 min; 4°C).
169
The cell pellet was resuspended in RNAlater solution. Total RNA was extracted using a 170 Qiagen kit and treated with DNAse (Qiagen) following the manufacturer instructions. 
RESULTS
198
The multi-species inoculum improved growth of maize 199 Before designing the multispecies inoculum, we evaluated whether the microbial 200 consortium was able to grow together and was cultivated in solid PY medium, 201 observing that there was no inhibition between any of the chosen bacteria (data no 202 shown). 
213
RNA-seq profiling of Rhizobium phaseoli Ch24-10 interacting with maize seedlings 214 We used the FastQC tool to visualize the quality of the sequences, and in general the 215 samples were of good quality. The RNA-Seq generated approximately 40 million reads 216 on average for each sample, of which 98% were confirmed to be valid after filtering 217 reads using Trimmomatic (supplementary 1).
218
For gene differential expression analyses, reads were first mapped to the R. phaseoli 219 genome or the concatenated sequence of the genomes of the members of the community 220 using Bowtie2, with the featureCounts software, we counted the reads mapped in the 221 different contigs and obtained the matrix of accounts that was used for the differential The functional synergism that may lead to growth promotion by the tested community 274 in roots may reflect interactions resulting from a long evolutionary history of bacteria 275 which might have been selected as advantageous for plants in roots. Metatranscriptomic
276
analyses seem justified to try to understand the bacterial interactions on roots, and for 277 simplicity we designed an inoculum with few species to be used. 278 We found that the plants with the multi-species inoculum were statistically larger in 279 comparison with the non-inoculated control and with the plants inoculated with a single 280 organism or with non-inoculated controls. These results suggest that there was 281 synergism between the strains inoculated in corn, which favors the biomass gained by 282 the plant with the multispecies inoculum. In the single plant assays with rhizobia, our 283 results confirm previous experiments with rhizobia in non-legumes that show growth 284 promotion in plants. (43, 44) .
285
Though it is known that various microorganisms favor the growth of crops, less is 286 known on the cooperative interactions among them to produce additional effects on 287 plant growth (2, 5, 15, 45, 46) .
288
From the metatranscriptomic analysis, we found genes encoding transporters showing structures that contact the host and may be required for bacterial attachment on root 311 surfaces at early times (51).
312
Nitrogen fixation and bacterial adaptation to microoxic environment 313 Nitrogen fixation is a key service in plant ecology but an energetically expensive 314 process. Thus, diazotrophs are normally a minority among bacterial communities in 315 plants (52, 53), and nitrogen fixation is a tightly regulated process which is turned off 316 when fixed nitrogen is available. Therefore, we used a nitrogen free medium to grow 317 maize plants to allow bacterial nitrogen fixing genes to be fully expressed. To promote 318 nitrogen fixation, we included three different diazotrophs in the bacterial maize 319 inoculant.
14
In previous studies, when nif gene expression was analyzed to identify diazotrophs in 321 non-legume roots with a culture independent approach, rhizobial nif genes sequences 322 were found to be expressed in rice and sugarcane (54), suggesting that nitrogen fixation 323 by rhizobia may occur out of nodules in non-legume plants (55) As these experiments 324 were performed in field conditions, there were most probably other bacteria that 325 colonized roots in addition to rhizobia (54), but the role of such bacteria on rhizobial nif 326 gene expression was not explored. The synthetic ecology approach that we followed 327 here was an attempt to answer this question. Surprisingly, our results showed that 
